Traditional ceramics made from fireclay is very suitable object for imitation of research of ceramics as an educational goal. This material offers a big variety of properties and their measurements with the help of low-cost and simple measurement sets. This can be a good introductory facultative course into material science.
Introduction
The theme of technical materials is generally considered as an essential part of technology education [1] . Perhaps the main reason for this is the fact that each technical object is made from a number of technical materials. The logical consequence of this is that the theme of material is included, or at least, reflected in all curriculums of technical education we have known until now.
Technology education is presently accepted as an integral part of general education. Similarly, a general material science at a basic level can be accepted. Modern human existence is surrounded by an increasing number of materials which enter human life by many ways and in many objects. The understanding of nature and properties of materials can be considered as an organic part of the technical literacy. The number of technical materials is of order of 10 3 . It is not possible to include many technical materials as a subject of school teaching. The limited time causes that only main groups of technical materials are taught and students get to be familiar with a particular technical material only in practical use. The main groups usually considered are metal, wood and plastics [2] [3] [4] .
Ceramics is one of the important materials which is used in many fields. The importance of ceramics grows permanently. It is assumed that ceramics will belong to the most important materials in the 21st century [5] [6] [7] . Ceramics is defined as a synthetic material prepared from inorganic raw material powder. Traditional technology is based on forming of the bodies from the wet ceramic mass. The shaped green body undergoes drying and then firing in a kiln where it obtains new properties. There are many arguments for introducing ceramics into technology education. For example, the raw materials for traditional ceramic materials are widespread, they are cheap and the principle of ceramic technology is simple.
There is no chance for ceramics to become a special subject of instruction even in curriculum for technology at pedagogical colleges because of shortage of the time for teaching. Nevertheless, ceramics could be a part of general technology education in primary and secondary schools and in pedagogical colleges. The possibility of this is demonstrated by experience in Germany [8, 9] .
As ceramics has two stages (dried and fired), for the first level of the elementary school it seems to be optimal to include unfired ceramics only. The accesibility of the raw material (fireclay) and simplicity of preparing of wet mass, giving the required shape and following drying makes it possible to introduce these topics in the basic and/or high schools. Here are many opportunities to observe many important changes, e.g. the change of the wet ceramic mass into dried body during drying and the next change into a final product during firing. These visible changes are characterized by physical properties which can be measured (e.g. dimensions, mass, volume mass, mechanical strength, porosity, electrical resistance, ...) before and after drying or firing.
The goal of this paper is to show some examples of including ceramics into the laboratory courses of technology and materials science.
Measurement of mechanical properties
From mechanical properties of ceramics, the mechanical strengths and Young's modulus are the most suitable values for a measurement. Samples for it have simple form of prism with rectangular cross-section which can be obtain by casting in the gypsum form. To prepare water suspension from fireclay is simple and the right ratio of the fireclay/water can be found experimentally.
The ceramic samples after drying are fragile and their mechanical strength is low. That is just a good property for measuring the mechanical strength in the school conditions, because no complicated apparatus and no big forces must be used. A very simple apparatus for 3-pointbending is described in [10] . For measurement of Young's modulus, a static method is generally used. It exploits simple apparatus, but it is suitable for metallic samples only. For fragile and mechanically week material, the dynamical method is recommended, e.g. a resonant method. This method can be completed from standard measurement units (a.c. mV-meter, RCoscillator) and two electromechanical transducers (exciter and pick-up) made from phonograph cartridges. The principle of the resonant method is explained in [11, 12] and the simple apparatus is described in [13] . The method is based on the flexural vibration which can be easily excited and its resonant amplitude is measurable by a common mV-meter. How to separate the resonant frequency of the sample from the false resonances is described in [14] .
Since bigger number of samples (e.g. 15) can be easily prepared, a flexural mechanical strength can be measured. If unfired samples are used, a force less than 5 N suffices for a fracture of the sample with dimensions 5u5u50 mm. Having a set of results, general statistics can be used.
If a laboratory furnace is at disposal, the samples can be fired at difference temperatures. Then variations of the mechanical properties can be measured at the room temperature by the same apparatus as a function of the firing temperature. This partially imitates research of ceramics [15] . Measuring the Young's modulus during heating brings many technical difficulties, so we do not recommend it.
Measurement of coefficient of the linear expansion
The apparatus for the measurement of the thermal linear expansion of the sample during its heating is relative simple. A modest school apparatus was designed and constructed for a temperature range 20 -650 °C [16]. This method is convenient both for green sample and fired sample. Here is interesting DoE transformation of quartz which is a permanent part of the fireclay [17] .
Conclusion
Traditional ceramics made from fireclay is very suitable object for imitation of research of ceramics as an educational goal. This material offers a big variety of properties and their measurements with the help of low-cost and simple measurement sets. This can be a good introductory facultative course into material science.
